This paper was prepared for presentati.on lit the Defense Atomic Sup- The laboratory tests and the analysis procedures described herein were developed in conjunction with research on propagation of ground shock through earth media being conducted by personnel of the Soils Di-Lsion, WES, for DASA.
Mltiply
By The illustration indicates that progress is being made in developing mathematical constitutive models that are realistic in terms of actual physical behavior, but that if many of the assumptions presently being made in soil property analyses are to be eliminated, additional soil tests and measurements must be developed. The il2 -stration also raises questions as to the validity of models based on a constant Poisson's ratio or a con-*1 stant shear modulus and suggests that the behavior of the various models be carefulli examined under different states and paths of stress. The analyses involved in deriving the soil constitutive properties required for a specific code formu-* lation will be quantitatively illustrated herein with laboratory test data taken from just one stratum of a single site. It is hoped that this will permit a better appreciation of the uncertainties and assumptions involved in such analyses and some insight into the research work that remains to be done.
3. Before getting into details, it should be pointed out that the particular laboratory tests and constitutive model that will be used in I the illustration are not necessarily the most recent innovations. There are, as would be expected in an active research program, other tests and other constitutive models in various stages of development and evaluation.
But the tests and model that will be used in the illustration presented herein do represent the current state-of-the-art, or what is now available for immediate application.
1I
Basic Constitutive Relation and Typical Property Requirements 4. Thie basic constitutive relation used to define stress-strain behavior utilizes the classical linear elastic relation between the stress tensor and the strain tensor and a yield criterion a.. The constitutive model can be nonlinearized by using incremental stressstrain relations and defining one or both of the soil property coefficients K and G as functions of one of the stress or strain invariants such as p or e . Inelasticity can be incorporated by programming two sets of property coefficient functions, one for use during virgin loading and one for use during unloading or reloading.
5.
Soil property input to a computer code employing this basic constitutive model can be specified in a variety of forms. One typical set of constitutive property requirements consists of (a) hydrostat expressions relating mean pressure and volumetric strain for both loading and unloading- to the weight of the relatively small test specimens are considered negligible, which allows the y term to be dropped; but, as was pointed out earlier, the total gravity or overburden stresses acting on the specimen are not negligible and must be applied as part of the boundary loading.
12. it is also assumed that all shear stresses and all shear strains are negligible, which permits all a and e terms to be dropped.
I'
"rz rz Ensuring this con.dition is attempted by sealing the specimens and applying the boundary loading through fluids wherever possible. Having thus eliminated all but theterm in the second equilibrium equation, it must be zero, which implies that a uniform state of vertical stress exists within the specimen. Uniaxial strain test 15. In the uniaxial strain test (see fig. 1 ) a condition of zero radial strain is imposed as a boundary restraint on the specimen while a controlled vertical stress is applied to it. The response of the specimen is measured in terms of a vertical surface displacement 6L , which is converted to Lagrangian vertical strain e by dividing the displacement z time history by the original height of the specimen. Since the radial strain is zero, the vertical strain determined from the uniaxial strain test also defines volumetric strain e . Instantaneous or Eulerian volumetric strain can be obtained from 
16.
When the specimen is unloaded, all stress (includin~g both the live stress and the overburden prestress) is removed dynamically. This permits measurement of the response of the specimen to live tension stresses up to the limit set by the overburden as shown in fig. 1 . By including this negative portion of the unloading curve in the constitutive property formulation, the necessity for including a gravity term in the equations of motion for the code is considered to have been eliminated, which, if correct, should simplify the computational scheme.
17. Although its measurement is difficult, the radial stress required to maintain a condition of zero radial strain can often be measured during static uniaxial strain tests. Such a measurement then permits plotting a as a function of a These plots are most useful in that from
them, Poisson's ratio, mean pressure, and the square root of the second invariant of stress deviation can be calculated directly, since for the condition of uniaxial strain
Triaialshear tests 18. In the triaxzial shear test (see fig. 2 ), a constant all-around stress a is first imnos"I on the s-occiinen. Then while this stress is maintained as a boundary condition in the radial dir-2ction (i e.*, or cc0 constant), either ct ntrolled axial deformation rates L or con Aot trolled axial stresses a aare applied until the specimen fails in shear. The response of the spe. imen is measured, either as a vertical strain for the controlled stress t.!.ts or as an axial deviator stress (or principal stress differcn,-e) f. i' thp e.,ntrolled deformation ttests. Tests can be conducted both dynamicai.2y and statically; the maximtum radial stress currently used with dynamic tesic is -QO psi,"-hut static tests can be conducted with radial stresses up to 10,000 psi. has to be constructed that is assumed to be most representative of the area to be included in the calculation. Of course, the more borings available for such an analysis, the better.
22
. The soil profile shown in fig. 3 came from a site near Valley City, North Dakota. As can be seen in fig. 3 , the profile is made up of graphic symbols and word descriptions that are used as guides to divide the site into layers or zones; a set of meaningful constitutive properties must then be defined for each zone selected. Selection of the layers obviously has to be coordinated with the ground shock calculator, since the number of layers and the minimum layer thickness are functions of the code, the computer available, and the time step to be used.
23. For example purposes, a 10-ft-thick zone from a depth of 45 to 55 ft below the ground surface was selected. The blowup of this zone in fig. 3 shows the location of various laboratory test specimens within the 
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indicates that saturation occurred at a very low I ' pressure, which is in agree-
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MOST REPRESENTATIVE fNELOPE . ment with the static uni- 35. Since the triayial test data indicated a yield envelope with a maximum principal stress kiiffrence of f_40 psi and the uniaxial strain data gave +25 psi, some adjustmlent had t,-be made to make them compatible. More weight was given to the triaxial test data in this case, and a maximum yield value of 35 psi w:vi selected. .he heavy dashed line in fig. 8 represents the dowmward adjuzt ., triaxial. shear envelope and the lighter dashed line, the upward adjustet patil of uniaxial strain. Both the loading yield pressure value of 100 psi, at point 1, and the unloading value of 200 psi, at point 3, were retained. The pressure at point 2 is determined by the maximum vertical stress of 350 psi, and that at point 4 represents the moin54. It is hoped that these suggestions for additional tests and for perhaps some improvements in the constitutive models have not left the impression that simply having more test data of more different types and having more generalized constitutive models will simplify the job of defining constitutive properties for code input. Just the opposite will probably be the case; i.e., the job will be much more complicated than it is already.
This should not deter such efforts, for if the soils engineers and the calculators will continue to work together, it will lead to more realistic models based on more physical facts, and that cannot help but lead to better ground shock calculations. 
